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Description 

[0001] The present invention relates to an illumination device for a direct viewing type liquid crystal display element 
which is employed in a liquid crystal television set a liquid crystal display for a computer and the like 

5 [0002] In recent years, the technical progress of a direct viewing type liquid crystal display device is significant es- 
pecially in a device employing a color display element. There are many displays having a display quality which is 
comparable to that of a CRT. In the black-white display, until several years before, the mam stream of technology had 
been a reflecting type liquid crystal display element which did not employ a backlight However, currently, almost all of 
them are replaced by a transmitting type liquid crystal display element in use of a backlight even in the black-white 

10 display. In the color liquid crystal display, the display can not work without a backlight, and the backlight is an indis- 
pensable device in the direct viewing type liquid crystal display device. 
[0003] Such a backlight illumination device is disclosed by JP-A-2 000 01 7 

[0004] In a so-called "notebook type personal computer" which has come in use in recent years the portability is 
important, and therefore, driving thereof by a battery is indispersable. However currently, the time capable of driving 
is the device without charging the battery is only several hours, and does not reach a level wherein a day's operation can 
continuously be performed. From this viewpoint, the prolongation of the time of continuous use is extremely important. 
Especially, the illumination device is a device consuming much power in that system, and reducing the power con- 
sumption of the illumination device is of great significance. 

[0005] In the mean time, there is a specific contrast ratio distribution in accordance with the viewing angle in a liquid 
20 crystal display element employed in the notebook type personal computer. A representative example is shown in Figure 
5 in case of a super twisted nematic liquid crystal display element. Figure 5 shows the representative viewing cone of 
the super twisted nematic liquid crystal display element and a diagram designating a change in the contrast ratio of a 
section on a horizontal line passing through the center of the contrast ratio of the viewing cone According to Figure 
5, the viewing angle of the liquid crystal display element is widened from a direction perpendicular to the image plane 
2S substantially by 40° through 50°, and it is revealed that there is a region having an especially high contrast ratio in the 
vicinity of the center. 

[0006] In an actual use, the device is often set such that the contrast ratio is maximized on the image plane viewed 
from an operator in case of the notebook type personal computer. Accordingly, the illuminating efficiency can substan- 
tially be promoted, when the maximum brightness of illumination is formed in the viewing direction (mostly a direction 

30 perpendicular to an image plane or a direction a little deviated therefrom) which causes the maximum contrast ratio 
[0007] The viewing angle of the liquid crystal display element employed in the notebook type personal computer is 
widened substantially to not less than 40° through 50°, and investigations are being performed for widening the viewing 
angle. Therefore, it is important to adjust the light direction distribution of the illumination device so that the display 
can be viewed from a more or less oblique direction. 

35 [0008] The adapting the brightness distribution of the illumination device to this contrast ratio distribution in such a 
manner is significant as a means for promoting substantial brightness. 

[0009] The color liquid crystal display device is grossly classified into two systems, namely, a twisted nematic (TN) 
liquid crystal display device by the active matrix driving using TFTs and a super twisted nematic (STN) liquid crystal 
display device by the multiplex driving. Both are provided with a construction wherein polarizing sheets are disposed 
J0 on the light-incident side and the light-emitting side of an element wherein the liquid crystal layer is hold by glass 
substrates and the liquid crystal display system is operated by modulating the polarization state of an incident linearly 
polarized light 

[0010] However, the direction of polarization of the incident light of the conventional liquid crystal display element, 
is not uniform due to the randomly polarized light Therefore, more than half of the incident light is absorbed by the 

^5 polarizing sheet disposed on the light-incident side of the display element, and does not substantially contribute to the 
illuminating light It is proposed as a structure for reusing the light to be absorbed by the polarizing sheet, wherein a 
polarized light separator is interposed between a light source lamp and a liquid crystal display device in a projecting 
type liquid crystal display element, for separating a non-polarized light to mutually orthogonal polarized lights, one 
polarized light is directly emitted from the polarized light separator, and the other polarized light is converged to the 

50 light source lamp and is reused as a light source light (Japanese Unexamined Patent Publication No 184429/1992) 
[0011] However this method is performed on the premise of a projector (projecting type) and it is necessary to 
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device should adapt to tho contrast ratio distribution of the liquic crystal display 

[0012] Further, n is proposed that a prism array is interposed between a hgnt source for illumination and a display 
element as a means for converging light in a direction perpendicular to a display face However according to this 
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means, the brightness in the direction perpendicular to the display face is promoted by narrowing the direction of an 
illuminating light in a specified range, and therefore, the light direction distribution of the illuminating light is narrowed. 
Further, the brightness in the direction perpendicular to the display face is not sufficient even by this means Accordingly, 
an illuminance distribution suitable for the direct viewing type liquid crystal display element can not be provided 

5 [0013] In this invention, attention has been paid to the fact wherein only a polarized light having a specific direction 
of polarization contributes to the promotion of the illuminance of the directly viewing type liquid crystal display element, 
and a light in a specific direction is selectively converted its polarization direction, among polarized lights which do not 
contribute to the promotion of the illuminance of the liquid crystal display element by themselves. In this way, the 
intensity of light can be enhanced in the specific direction while maintaining a wide light direction distribution, with 

io respect to a polarized light having a direction of polarization which can contribute to the promotion of the illuminance, 
and the light distribution is suitable for the directly viewing type liquid crystal display. 
[0014] These problems are solved by the illumination device according to claim 1 

[0015] According to a first aspect there is provided an illumination device for a direct viewing type display element 
comprising: 

15 

a flat light guide: 

a light source set such that light is incident on a side portion of said flat light guide: 

a polarized light separating sheet set on a first side of a light emitting site of the flat light guide for transmitting a 
p polarized light component and reflecting at least a portion of an s polarized light component with respect to a 
20 light ray substantially having a predetermined direction of incidence; and 

a light reflecting sheet disposed on a second side opposite to said light emitting site of the flat light guide in parallel 
with the light emitting site. 

[0016] According to a second aspect there is provided the illumination device for a direct viewing type display element 
25 according to the first aspect, wherein the polarized light separating sheet is comprising a multi-layered structure wherein 
light transmitting media having a relatively large refractive index and light transmitting media having a relatively small 
refractive index are laminated. 

[0017] According to a third aspect there is provided the illumination device for a direct viewing type display element 
according to the first aspect, wherein the polarized light separating sheet comprises a transparent supporter and at 
30 least one dielectric thin film laminated on said transparent supporter having a thickness which is equal to or smaller 
than a wavelength of visible light. 

[0018] According to a fourth aspect there is provided the illumination device for a direct viewing type display element 
according to the first aspect, wherein the polarized light separating sheet comprises a plurality of laminated transparent 
polymer layers having different refractive indices 

35 [0019] According to a fifth aspect there is provided a liquid crystal display device, wherein the illumination device 
according to the first aspect is disposed on a rear side of a direct viewing type liquid crystal display element such that 
a principle polarization direction of emitted light from the illumination device substantially agrees with a direction of an 
optical axis of polarization of a polarizing sheet on a light-incident side of a liquid crystal display element. 
[0020] According to a sixth aspect there is provided the liquid crystal display device according to the fifth aspect 

4 0 further comprising. 

a light deflecting meansdisposed between the polarized light separating sheet and the liquid crystal display element 
'or deflecting a direction of a light ray maximizing a light intensity among light distributing directions to a direction 
substantially perpendicular to a display face of the liquid crystal display element 

45 

[0021] According to a seventh aspect there is provided the liquid crystal display device according to the fifth aspect, 
further comprising 

a means for rotating polarization direction disposed between the illumination device and the liquid crystal display 
50 element for rotating the principle direction of emitted light 



direction of oolan/at.on ana a second poian/ed light component having a second dree:. on of pOiari/ation perpen- 
dicular to the tirst direction of polarization, component and 

a pola r i/ed light converting means disposed in an oDtical path of a light emitted from said flat light emitting moans 
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for emitting said first polarized light component and for emitting at least a portion of said second polarized light 
component after converting said portion of the second polarized light component into the first polarized light com- 
ponent selectively with respect to a light ray substantially having a light direction maximizing a brightness thereof. 

5 [0023] In the drawings: 

Figure 1 is a sectional diagram showing an example of the present invention; 
Figure 2 is a sectional diagram showing another example of the present invention; 
Figure 3 is a sectional diagram showing another example of the present invention; 
10 Figure 4 is a sectional diagram showing a construction of a polarized light separator employed in this invention; 

Figure 5 is a graph showing a contrast ratio curve of an STN liquid crystal display element; 
Figure 6 is a sectional diagram showing another example of the present invention; 
Figure 7 is a plane view showing an arrangement of optical axes of Figure 6; 

Figures 8(a) through 8(d) are sectional diagram respectively showing examples of uniform light forming means of 
15 this invention; and 

Figures 9(a) and 9(b) are sectional diagram respectively showing other examples of uniform light forming means 
of this invention. 

[0024] Although, there are various systems in manufacturing a flat illumination device, they are grossly classified 

20 into two kinds. The most general one is a system which is called the "internal illuminating system" or the "direct method", 
wherein a light source is disposed just under the display On the other hand, in the other system which is called the 
"edge light" type system, the light source or sources are disposed outside the display, for instance, an approximately 
linear light emitting body or bodies such as fluorescent lamps (mostly cold cathode fluorescent lamp) and the like are 
attached to one side or two sides of a light guide made of a transparent acrylic resin plate or the like, which is a light 
illuminating plane, and light is introduced to the light guide by providing a lamp cover composed of a reflector. 
[0025] It is preferable that the light emitting means of this invention is the edge light type system, which is composed 
of a flat light emittor and a light source or sources attached such that light is incident on the side portion or portions of 
the flat light guide, since the edge light type illumination device is compact and is mostly preferable in view of promoting 
the portability of the liquid crystal display device. 

30 [0026] Further, it is preferable to provide a polarized light separating sheet which is installed on the light-emitting 
face side of the flat light guide, and which transmits the p polarized light component (first polarized light component) 
and reflects at least a portion of the s polarized light component (second polarized light component) with respect to a 
light ray having substantially a specific direction of incidence, and a polarized light converting means composed of a 
guide and a light-reflecting sheet provided to a side of the flat light guide opposite to the light-emitting plane approxi- 

35 mately in parallel with the light-emitting plane. When the light-reflecting plane is employed in such a construction, the 
separated polarized light can be reused and the direction of polarization is changed in the reflection. Accordingly, the 
light-reflecting plane operates as the polarized light converting means in cooperation with the polarized light separating 
sheet. In the following, an element having the polarized light separating sheet is called a polarized light separator. 
However this does not mean that the polarized light separator is necessary as an element separated from the flat light 

4 o guide. The flat light guide may be provided with a polarized light separating function 

[0027] In this construction with respect to light having substantially a specified angle as the angle of incidence to 
the polarized light separator, the p polarized light component which has transmitted through the polarized light sepa- 
rator is incident on the liquid crystal display element after passing through a polarizing plate, and the s polarized light 
component is reflected to the inside of the flat light guide When the reflected and returned s polarized light component 

^ js reflected on the surface of the flat light guide a phase change is caused, and a "p" polarized light component is 
formed which can transmit through the polarized light separator. Accordingly, a component which is converted into the 
p polarized light component is formed by reflecting the s polarized light component which has been reflected by the 
polarized light separator, on the surface of the flat light guide, which contributes to the component transmitting towards 
the liquid crystal display element As a result, the flat illumination device is provided with a high illuminance, with respect 

50 to a specified viewing direction 

[00281 If ls P r oferablo that the polan/inq sheet provided on the Nqht-incident side of the liquid crystal display element. 
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the light-incident siae of the liquid crystal display element 

[0029] The polarized light separator of this invention can employ a multi-layered structure wherein iignt transmitting 
media having a reiative'y 'arqe rc f ractive index and other light transmitting media having a relatively small refractive 
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index are alternately laminated, a structure wherein at least one layer of a dielectric film having a thickness of preferably 
not larger than 1 000 nm is formed at least on one face of a flat light transmitting supporter, or a structure wherein a 
plurality of kinds of transparent polymer layers having different refractive indices are laminated 
[0030] An explanation will be given of a polarized light separator composed of a multi-layer structure wherein light 
5 transmitting media having a relatively large refractive index and other light transmitting media having a relatively small 
refractive index are alternately laminated, as follows 

[0031] This multi-layer structure is provided with a property wherein, with respect to an oblique incident light, the 
transmittance and the reflectance are dependent on the polarization of the oblique incident light Therefore, the structure 
can be employed as a light non-absorbing type polarization element. Generally, when, on an interface between an 
w optical material having the refractive index of n 0 and another optical material having the refractive index of n 1 , the angle 
of incidence 6 01 of light which is incident from the optical material having the refractive index of n 0 to that of is 
expressed by the following equation, 

, 5 tane oi = n i /r V 

there is no p polarized light component in the reflected light, the reflected light is composed of the s polarized light, 
and the transmitted light is composed of the residual s polarized light component and the p polarized light, which is 
well known The angle of incidence B 01 is called Brewster's angle Bg Accordingly, when the optical material layers 
20 having the refractive indices of n 0 and ^ are alternately laminated, with respect to light having the angle of incidence 
which is substantially equal to Brewster's angle, the p polarized light component transmits through the structure, but 
the s polarized light component is reflected by the plurality of interfaces and its transmitted light component is almost 
nullified. Accordingly, the emitted light from the above multi-layer structure has a polarization 

[0032] The multi-layer structure may be of any components, so far as it is composed of at least two layers of light- 
25 transparent materials having different refractive indices. However, since the polarized light dependency of the reflect- 
ance at the interface is very effective, when a difference between the refractive indices is large, a combination wherein 
the difference of refractive indices is large, is preferable. For instance, there is a combination of air (n=1.0) and a 
transparent resin, such as a plastics (n=1.5); acrylic resin, polycarbonate, polyurethane, polystyrene and the like. The 
above combination is preferable since a multi-layer structure having a large area can be provided cheeply. 
30 [0033] There is basically no restriction on the thicknesses of the respective layers of the multi-layer structure. Further, 
there may be a structure which is inhomogeneous depending on locations, or a structure wherein flat air bubble layers 
are dispersed in a homogeneous plastics in a lamellar form, so far as the respective layers in the multi-layer structure 
are disposed substantially in parallel with each other. 

[0034] It is also possible to employ a transparent dielectric multi-layer film as a material of the structure. When a 
35 dielectric multi-layer film is employed for the multi-layer structure, the thickness of layer is to be not less than approx- 
imately ten times as much as an order of a wavelength of light, such that lights reflected from interfaces of the respective 
layers of the multi-layer structure do not interfere with each other thereby enabling to provide a polarization charac- 
teristic having a small wavelength dependency with respect to a white light source. On the other hand, when the 
thicknesses of the respective layers are too large, the thickness of a total of the multi-layer structure is large, which is 
^o not suitable for the light-weight and the thin-shape thereof Accordingly, the thickness of layer of approximately 3 u.m 
through 100 urn is suitable for the purpose Further when the film thicknesses are non-uniform a "coloring" due to the 
interference of light can be suppressed Accordingly, there is a case wherein it is preferable to make the thicknesses 
of the respective layers non-uniform 

[0035] In case of a construction wherein flat air bubble layers are dispersed in a homogeneous plastics in a lamellar 
45 form, the thickness of the flat air bubble layer is to be approximately 3u.m through 100 fim As another structure, there 
is a multi-layer structure wherein a transparent thin plate having a thickness of approximately 3 u,m through 100 jam. 
is laminated on a scattered gap controlling material such as beads, glass fibers or the like In this case, compared with 
a structure wherein flat air bubble layer are dispersed in a homogeneous plastics in a lamellar form, a polarization 
operation having a high light distinguishing ratio can be provided, since the angle of incidence on an interface between 
50 materials having different refractive indices does not differ with locations as in the flat air bubble layers 

[0036] The reflectance R r of an s polarized light on an interface between an optical material having a refractive index 
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[0037] The larger the difference between the refractive indices, the larger the reflectance F\. Therefore, in an ap- 
proximation (which is sufficiently applicable to this case) not considering multiple reflections between layers, wherein 
100% of the p polarized light component in an incident light to the multi-layer structure, is transmitted and x% of the s 
polarized light component is transmitted, the necessary number of layers N is provided by the following equation (2) 

5 

N = 0.5 x log(x/100)/log(1-R s ) (2) 

[0038] Accordingly, when the multi-layer structure is constructed by a combination of air (n.,=1.0) and a plastics 
w (n 0 =1 .5), Brewster's angle 0 B -56 3°, R s -14 8%, the number of layers which is necessary for making the transmittance 
of the s polarized light component not larger than 2%, is 12. 

[0039] Therefore, in case of a structure wherein flat air bubble layers are scattered in a homogeneous plastics in a 
lamellar form, when six or more flat air bubble layers are formed in the depth direction, with respect to a light having 
substantially an angle of incidence of Brewster's angle, the transmittance of the s polarized light component is not 
15 larger than 2% and more than 98% of the component is reflected. On the other hand, the p polarized light component 
is provided with the transmittance of approximately 100% without the loss of light quantity 

[0040] As explained above the polarization function of the multi-layer structure operates most effectively when the 
angle of incidence is at Brewster's angle. Accordingly, when the multi-layer structure is provided in the flat illumination 
device composed of the light source and the flat light guide, it is preferable for the substantial promotion of brightness 
20 to provide a construction wherein the angle of incidence of incident light to the multi-layer structure is substantially 
Brewster's angle, by the means of the light source, the flat light guide and an optical element further added with a light 
reflecting means and the like 

[0041] The reason that the polarized light separator in use of a dielectric film employing light interference works, is 
as follows. This polarized light separator is provided with a property wherein the transmittance and the reflectance 
25 thereof are dependent on the polarization of the angle of oblique incident light, and therefore, it can be employed as 
a light non-absorbing type polarization element. 

[0042] When an optical element having a film thickness in the order of a wavelength of visible light and the refractive 
index of n 1 is interposed between an optical material having the refractive index of n 0 and another optical material 
having the refractive index of n 2 , light will interfere. The angle of incidence and the angle of emittance of light which is 

30 incident from the optical material having the refractive index of n 0 to the optical material having the refractive index of 
n v are determined to be 0 0 and e 1 , respectively. The angle of incidence and the angle of emittance of light which is 
incident from the optical material having the refractive index of n-, to the optical material having the refractive index of 
n 2 , are determined to be B 1 and B 2 , respectively. The reflection complex amplitude in consideration of the effect of 
interference when the optical material has the refractive index of n } and the film thickness is d v is provided by the 

35 following equation (3). 

6 = (P a + Pb exp^'WH+Pa-Pb exp(2i6)) 
40 p = 27cn 1 d 1 cosB t /X (3) 

where p a and p b designate amplitude reflectances of Fresncl reflection caused on the interfaces between the optical 
material having the refractive index of n 0 and the optical material having the refractive index of n r and between the 
optical material having the refractive index of n 1 and the material having the refractive index of n 2 
[0043] The reflectance is provided by the following equation (4). where p* is the complex conjugate of p 

R = p-p* 

50 - (p a +p b +2fVPb cos26 V 0 f2 lVP b cos2<S + (p a -p b ) 2 ) (4) 
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[0045] The s polarized light component is provided by the following equation (6). 

P a ~ (n 0 -cosB 0 -n 1 •cosB 1 )/(n 0 -cosB 0 +n 1 •cosB 1 ) 

5 

p b = (n 1 •cos9 1 -n 2 -cos0 2 )/(n 1 •cosB 1 +n 2 -cos0 2 ) (6) 

[0046] From these equations, it is revealed that, when the refractive indices n 0 and n 2 , the refractive index n 1 and 
the film thickness d 1 satisfy a certain condition, the ratio of the transmitted light intensity of the p polarized component 
10 as compared to the transmitted light intensity of the s polarized light component, increases in comparison with a case 
wherein there is no interference, at a certain angle of incidence of B 0 The above equations are concerned with a case 
wherein the interference film is a single layer. However the same way of thinking is applicable similarly when the 
interference film is of a multi-layer. 

[0047] As stated above, the light emitted from the polarized light separator wherein at least one layer of dielectric 
15 films having a thickness of not larger than 1 ,000 nm, is formed on at least one face of a flat light-transmitting supportor 
is provided with high degree of polarization The film thickness of not larger than 1 ,000 nm signifies that the thickness 
is mainly not larger than the order of a visible light wavelength, and it is preferably not larger than 800 nm 
[0046] Since the dielectric film of the polarized separator having the thickness of the order of a visible light wavelength, 
utilizes the light interference, it is generally possible to promote the degree of polarization of a specified wavelength 
20 when the number of layers increases, and conversely, the wavelength dependency also increases. When the spectrum 
of the employed backlight light source is of a narrow band wavelength, it is possible to construct a multi-layer film 
wherein the degree of polarization increases with respect to the backlight wavelength range of light. However a film 
having too many layers causes a poor productivity. Therefore, the number of layers is preferably 5 through 15. On the 
other hand, when a white backlight is employed for color display, it is preferable to employ an interference film having 
25 not larger than 5 layers, especially a single layer, to restrain the wavelength dependency of the degree of polarization 
to a low value. It is preferable to form a single layer film of Ti0 2 or Zr0 2 since a flat degree of polarization is provided 
over the whole region of visible light and it is easy to control the film thickness, although a high degree of polarization 
can not be provided. 

[0049] The material of the flat light-transmitting supporter employed in the polarized light separator is glass or plastics 
30 such as acrylic resin, polycarbonate, polyurethane, polystyrene and the like. It is preferable that the material is light 
and surface thereof is smooth. 

[0050] As a material of a dielectric film, Ti0 2 , Zr0 2 , ZnS. Y 2 0 3 , Si0 2 , MgF 2 , Na 3 AIF 6 , Ta 2 O s and the like, are pointed 
out. The refractive indices of these dielectric films are normally in a range of 1.4 through 2.5, and the film formation 
may be performed by selecting dielectric films having pertinent refractive indices. Further, the film forming can be 
35 performed by normally employed methods such as vapor deposition, sputtering, and the like. 

[0051] Further, the polarized light separator of the invention can be formed by laminating plural kinds of transparent 
polymer layers having different refractive indices. Also in this case, as in the above-mentioned multi-layer structure or 
the dielectric thin film, it operates as a light non-absorbing polarized light separator. 

[0052] The polarized separator can be formed by a multi-layer film construction whereby the degree of polarization 
40 is promoted with respect to the wavelength range of the backlight. Since the film having too many layers causes the 
poor productivity, the number of layers is preferably not smaller than 30, more preferably 1 00 through 400 It is preferable 
that the materials of the light-transmitting polymers having different refractive indices are suitable for forming a multi- 
layer laminated body Further, the larger the difference in the refractive indices, the more preferable 
[0053] It is preferable that the materials of the transparent polymers are selected from at least two of plastics such 
45 acrylic resin, polycarbonate resin, polyurethane, polystyrene triacetyl cellulose, polymethylpentene, polyether sulfone 
and the like Further, it is preferable that the difference in the refractive indices is not less than 0 03, to improve the 
efficiency. 

[0054] A consideration should be given to the method of making the polarized light separator in the above selection 
Although there are the casting method, the multi-layer extrusion method and the like as the method of manufacturing 
50 the multi-layer laminated product, it is preferable to adopt the multi-layer extrusion method whereby a multi-layer film 

havmq not less than 30 layers can economically formed 



considerably di'ferent rather than almost eqjal Since a so-cahed nacreous color due to :hc variation in the tnicknesses 
of the respective layers is not manifested Further a nard coat layer of silicone and tnc I ke may he provided on the 
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surface. 

[0056] Figure 4 is an outline sectional diagram of a polarized separator which employs the interference of light. First 
polymer layers 21 and second polymer layers 22 are alternately laminated, and at least the second polymer layers 22 
are provided with a thickness which is enough to cause the interference of light 

[0057] The examples of preferable combinations of preferable polymers in consideration of the method of manufac- 
turing, are acrylic resin and polycarbonate, acrylic resin and polystyrene, polymethylpentene and polycarbonate and 
the like. 

[0058] A detailed explanation will be given of a liquid crystal display device of this invention using Figure 1 which is 
a representative construction diagram, as follows. 

[0059] A fluorescent lamp 1 (cold cathode fluorescent lamp) having a length corresponding to a length of a side face 
of a light guide 3, is attached to the side of the light guide 3 (an acrylic resin plate) which is transparent and which is 
an illuminating sheet, and a lamp cover having a reflecting body on the innerface thereof, is provided thereby introducing 
a light emitted from the lamp into the light guide 3. 

[0060] As stated above, in case of using an illumination device in a direct viewing type liquid crystal display element, 
the light distribution property of the illumination light is extremely important. The directivity (angular distribution) of the 
light transmitting through the light guide 3, is determined by the light direction distributing property of the fluorescent 
lamp, the light gathering property of the reflecting body, the light transferring property of the light guiding plate and the 
likp Furthfir in the light transferring property of the light guide, the functions of sending the light incident on an edge 
portion of the light guide to the inside of the light guide, and the function of emitting the transmitted light to a predeter- 
mined direction, are important. 

[0061] The function of sending the light which is incident on the edge portion of the light guide to the inside of the 
light guide, is determined in accordance with the material employed in the light guide and the interface reflecting prop- 
erty That is to say, on the side of the liquid crystal display element 12 of the light guide 3, the light having the angle of 
incidence which is not smaller than the total reflection angle 6 C which is determined by the refractive index of the light 
guide 3, is totally reflected and transmitted through the light guide 3, and light having the angle of incidence which is 
below the total reflection angle 0 C , is refracted on the surface of the light guide 3 and emitted on the side of the liquid 
crystal display element 12. For instance, the total reflection angle 0 C on the interface of air (n=1.0) and a transparent 
plastics (for example, n=1.5) ; is determined by the following equation (7). and the incident light having the angle of 
incidence of not more than 42.2° can emit from the illumination plane of the light guide 3. 

B c = sin" 1 (l/n) = 42.2° (7) 

[0062] As a preferable transparent resin employed in the light guide, for instance, acrylic resin, polycarbonate, poly- 
urethane, polystyrene, silicone and the like are pointed out 

[0063] When a reflecting plane 5 such as an aluminum reflecting plane is formed on a face opposite to the liquid 
crystal display element of the light guide : the reflected light is guided to the inside of the light guide. Further, the reflecting 
plane 5 may be a diffused reflection plane to increase light emitted from the face on the side of the liquid crystal display 
element 12 of the light guide 3 

[0064] On the other hand, when most of light which is incident on the light guide 3 is provided with the angle of 
incidence which is not smaller than the total reflection angle 6 C the light emitted from the light guide is very little. 
Therefore, it is necessary to provide a function wherein the light is emitted on the side of the liquid crystal display 
clement 12 of the light guide 3 by avoiding the total reflection condition As the means of avoiding the total reflection 
condition, there is a method such as a method of forming a white light diffusing material on the surface of the light 
guide 3. a method of forming a Fresnel shape (microlens array, prism array and the like) having a lenticular or a prism 
shape on the surface of the light guide. 

[0065] The Fresnel shape in this case, may be formed on a face of the light guide on the side of the liquid crystal 
display element 12, or may be formed on the opposite side Further, a film-like plate having a Fresnel shape may be 
placed on the face of the light guide When it is placed on the light guide, it is necessary that an air layer is not present 
between the film and the light guide. Therefore, it is preferable that a deaeration is performed after pasting the film, or 

*hn fi! m is oastnd bv emn'oyina a n adhesive aqent havmq the refract've index which is comparable to that of the film 

■066 ■ 
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of the polarized 'ignt separator and the light quantity is substantially concentrated on Brewster's angle to cror^oto the 
illuminance Accordingly it is important to control the angle of light emitted from the light guide 
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[0067] To control the angle of emittance, the distribution of the white light diffusing material, the Fresnel shape, 
(microlens array, prism array and the like) with a lenticular or a prism and the like are adjusted. For instance, by placing 
a film of a prism array 1 3 (see Figure 2), made by a component which is the same with that of the light guide, on the 
surface of the light guide, the maximum of intensity of light emitted from the light guide is concentrated in a deviated 

5 range of +40° through +80° and -40° through -80°. 

[0068] Specifically, when a multi-layer structure wherein flat air bubble layers are dispersed in a lamellar form ; as 
above, is formed, Brewster's angle B b on the interface between the acrylic resin and the air bubble layer is 33.7° 
according to the equation (1 ). Therefore, only the p polarized light component is emitted on the side of the liquid crystal 
display element 12, by optimizing the light direction distributing property of a fluorescent lamp, the light gathering 

10 property of the light reflector, the light transferring property of the light guiding plane and the like, such that the incident 
light from the acrylic resin side to the multi-layer structure is substantially 33.7°. On the other hand, the s polarized 
light component is transmitted through the light guide 3 as in the case of total reflection Further, the polarization 
characteristic of this polarized light separator 6 is an effect which is sufficiently manifested even when the incident light 
is a little deviated from the Brewster's angle condition. In this case the polarized light separating operation is significant 

'5 even with respect to a light ray having the angle of incidence of 20° through 40° which is proximate to the total reflection 
angle, although the light extinguishing ratios of the s and p polarized light components are a little deteriorated. 
[0069] The directivity of light emitted from the polarized light separator, is not necessarily distributed in the viewing 
angle of an observer nf the liquid crystal display element that is. in a direction orthogonal to a face of the liquid crystal 
display element Rather, in an ordinary case, the direction of emittance of light which is incident on the polarized light 

20 separator by the angle of incidence proximate to Brewster's angle, concentrates in a range out of viewing angle. For 
instance, the direction of emittance concentrates in the ranges of -40° through -70° and 40° through 70° with respect 
to the vertical direction of the face of the liquid crystal display element, in a plane including an optical axis of light 
transferring through the light guide, and the light which reaches the viewing angle range of an observer is very little 
Therefore, a clear display is not provided. 

25 [0070] For instance, in Figure 1 , in case wherein the incident light from the side of the acrylic resin to the multi-layer 
structure is provided with the angle of incidence of 33.7° , the angle of emittance of the multi-layer structure is sin" 1 ,( 
(sin 33.7°)/n) = 56.3° . To convert the light direction distribution of the flat illumination device having the light direction 
distribution in the deviated viewing angle plane (+40* through ±70°), to the direction perpendicular to the illuminating 
plane, it is effective to further provide a light deflector on the side of the light emittance of the polarized light separator. 

30 As the light deflector, a microlens array or prism array or the like having a lenticular shape or Fresnel shape can be 
employed. 

[0071] Figure 1 shows a case wherein a prism array having Fresnel shape on the surface is disposed between the 
light guide 3 laminated with the polarized light separator 6 and a polarizing sheet 9 on the light-incident side of the 
liquid crystal display element 12 with the prism face in parallel with the progressing direction of light transferring in the 

35 light guide 3. The prism array 7 is of a columnar prism, the intersection including an average optical axis of light ray 
emitted from the flat light guide 3 is triangular With respect to the prism array 7, in accordance with the shape and 
arrangement (whether the apex of prism is on the light-incident side or light-emitting side), there is a case wherein the 
refraction is caused on the light-incident face and the light-emitting face of the prism, and a case wherein the total 
reflection is caused, and the orientation of the light direction distribution of the emitting light can be controlled. The 

J0 optimum shape and arrangement may be determined by a finally necessary orientation of the light direction distribution 
and the orientation of the light direction distribution of the light emitted from the polarized light separator 
[0072] For instance, a prism array 7 having a sectional shape of an isosceless triangle having the apex angle of 
approximately 60° is employed and is arranged such that the apex faces the face of the polarized light separator In 
this case the light emitted from the polarized light separator by the angle of the emittance which is substantially equal 

4 $ to 60°, is incident on a side face of the prism, and totally reflected by the other side face and thereafter, emitted from 
the bottom face of the prism corresponding to the perpendicular incident direction on the side of the liquid crystal display 
element Therefore, it is possible to convert the light direction of the light emitted from the polarized light separator with 
the angle of emittance of substantially 60°, to the light direction having the direction perpendicular to the face of the 
liquid crystal display element 

50 [0073] In this way. a linearly polarized light flat illumination device which illuminates the liquid crystal display element 

>n the nnrponiicular linht direction dis! r 'bution is orovided When \ h e directivity of the light transferring through the 
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[0074] Farther the ref'ectmg face 5 forced on tie face opposite to the liquid crystal display element cf the light guide 
may be converted into a light diffusing plane to deteriorate the directivity of light transferring in the light guide Further 
the polarized light seoarator per so may be orovided with a fine rugged structure such that the light scattering is caused 
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on the interface of the structure In case of the polarized light separator having a construction wherein flat air bubble 
layers are scattered in a homogeneous plastics in a lamellar form, as mentioned above, the shape of the interface of 
the air bubble layer is random, and the fine rugged structure is easy to cause Therefore, the light diffusing effect is 
easy to manifest simultaneously 
5 [0075] In Figure 1, a case is shown wherein the multi-layered structure is formed on the surface of the light guide. 
However it is not necessary to form the multi-layered structure on the surface of the light guide, and the multi-layered 
structure may be disposed inside the light guide 

[0076] It is important in this invention to convert the s polarized light which is reflected and returned to the inside of 
the light guide in the multi-layer structure, to a light including the p polarized light component in efficiently transferring 
w it in the light guide, and reuse it, to efficiently provide the linearly polarized light from the flat illumination device. There 
are various methods to convert the s polarized light to a light including the p polarized light component. The represent- 
ative examples are described as follows. 

[0077] Generally, it is known that, in case wherein a linearly polarized light is incident on a metal face in a oblique 
direction and is reflected, the linearly polarized light is converted into an elliptically polarized light in accordance with 

is the optical physical constants (refractive index n, absorption coefficient k) of a metal. That is, even when the s polarized 
light is incident a p polarized light component is formed in the reflecting light. Accordingly when the reflecting plane 
5 formed on a face of the light guide 3 opposite to the liquid crystal display element 12 is of a metal such as aluminum 
in this invention, a portion of the s polarized light is converted into the p polarized light, every time the light is reflected 
by this reflecting plane As another method, there is a method wherein a phase difference plate composed of a trans- 

20 parent high polymer material, is employed. For instance, by disposing the phase shift plate having a pertinent film 
thickness, is disposed between the reflecting plane 5 of the light guide 3 and the polarized light separator 6, the s 
polarized light reflected by the polarized light separator becomes an elliptically polarized light and a portion thereof 
can be converted into the p polarized light. Figure 1 shows an Example of a construction wherein the polarized light 
conversion is efficiently performed by attaching the phase shift sheet 4 on the reflecting plane 5 provided on the light 

25 guide 3. Further, the phase shift sheet 4 may be disposed between the polarized light separator 6 and the light guide 3. 
[0078] Figure 2 shows an example wherein a polarized light separator in which one layer of a dielectric film is formed 
on one face of a flat transparent supporter, is employed, and a prism array 13 for emitting light to the liquid crystal 
display element avoiding the total reflection condition of the light guide. A notation 6a designates a flat light-transmitting 
supporter, and 6b, a dielectric film Since the other construction is almost the same as in Figure 1, parts of Figure 2 

30 which are the same with those in Figure 1 are attached with the same notations, and the explanation will be omitted. 
[0079] As stated above, the polarized light separator may be of a component which is different from the light guide. 
However, it may be of a single component. For instance, a polarized light separating layer such as a dielectric body 
interference film may be formed on the light guide. The respective interfaces among the light guide, the outside of the 
light guide and the dielectric body interference film achieve an effect which is similar to that of the polarized light 

35 separator. In case wherein the structure of the light guide is formed into a prism array or the like, to enhance or to make 
uniform the light quantity of light emitted from the light guide, the dielectric interference film may be formed on the 
surface having a prism array shape. 

[0080] Such an example is shown in Figure 3. A prism array shape is formed on the surface of the light guide 3, and 
a dielectric film 6c is furtherformed on the surface of the prism array A polarized light separation function is manifested 
J o on the interface between the light guide and the dielectric film Since the other construction is approximately the same 
as in Figure 1 : parts of Figure 3 which are the same with those in Figure 1 are attached with the same notation, and 
the explanation will be omitted 

[0081] To maximize the quantity of light which transmits through a liquid crystal panel, the direction of the optical 
axis of polarization of the polarizing plate of the liquid crystal panel on the side of the polarized light separator, should 

4 5 coincide with the direction of an optical axis of polarization of light emitted from the polarized light separator However 
the optical axis of polarization of light emitted from the polarized light separator, is dependent on the position of the 
light source disposed on the side portion of the flat light guide For instance, in case of Figure 1 , light is emitted which 
is polarized in the direction perpendicular to the linear light source. On the other hand, there are a direction wherein 
the contrast ratio is high, and a direction wherein the contrast ratio is low depending on the viewing angle, in the liquid 

50 crystal panel. Normally, the liquid crystal panel is designed such that the contrast ratio is maximized in the direction of 
vewinq the liquid crvstnl oanel This viewing angle is influenced by the angle of the optical axis of the polarization of 



display device in this invention to cope with such a case 

[0083] Generally the rotation of the optical axis of polarization of light is caused in case wherein light transmits 
through a medium having the birefringence or wherein light transmits through a medium having the optical rotating 
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power The optical axis of polarization is rotated when media having the birefringence are laminated in multi-layers 
which rotates the optical axis 

[0084] Especially, when a linearly polarized light is incident on a medium having the birefringence, an elliptically 
polarized light is emitted therefrom The ellipticity and the direction of the long axis of ellipse are determined by the 

5 amount of birefringence and the direction of optical axis of the birefringence medium However, when a linearly polarized 
light is incident on a substrate having the birefringence the amount of which is a half of the wavelength X of the incident 
light, the emitted light is always a linearly polarized light Further, when a medium having the birefringence of >72 is 
provided with an advanced phase axis direction which is inclined by 9 with respect to the direction of the optical axis 
of polarization of the incident linearly polarized light, the linearly polarized light is emitted inclined by 2ti with respect 

10 to the direction of the optical axis of the polarization of the incident linearly polarized light. 

[0085] It is possible to convert the optical axis of polarization of a linearly polarized light which is polarized in an 
arbitrarily direction, to a specified direction while the linearly polarized light remains as it is, by utilizing the above 
property. 

[0086] The region of wavelength required for a liquid crystal display device is that of all the visible light, and the 
15 property of the illumination light is considerably different by a selection of wavelength whereby the amount of the 
birefringence of plate is determined. As the A/2 plate, it is preferable to employ a flat film, judging from the aspects of 
the light-weightedness, the thinness, the cost and the like. Since there is no film which satisfy the condition of A/2 with 
respect to a!! the visible light, it is pmfprablfi to oenerallv emDlov a film satisfvina the condition of A/2 at a wavelenqth 
approximately equals to 550 nm wherein the viewing sensitivity is maximized. That is, the film is provided with the 
20 birefringence in the vicinity of the wavelength of 275 nm. 

[0087] The quantity of birefringence A/2 of the optical axis of polarization rotator signifies a quantity along a locus of 
a light ray. The direction wherein a light ray maximizing the light quantity transmits through the optical axis of a polar- 
ization rotating means, is not always in the direction perpendicular to a flat sheet of the optical axis of polarization 
rotating means. It is preferable to design the setting of the size of birefringence of the film, optimally in consideration 
25 of the locus of light rays maximizing the light quantity. 

[0088] As the material of the film, polyvinyl alcohol, polycarbonate, polystyrene, polymethyl methacrylate and the 
like, are employed. 

[0089] The birefringence of the film is generally provided by an uniaxial elongation. That is, a difference of refractive 
indices between a direction of an orientated axis and a direction perpendicular to the orientated axis is caused by the 
30 uniaxial elongation The birefringence is caused in direction of thickness, and the ellipsoid of the refractive index is 
uniaxial. 

[0090] Further, it is effective in the construction of this invention in a viewpoint of making uniform the illumination to 
further provide a uniform light forming means. There is a case with respect to light emitted to the edge light type 
backlight, wherein the larger the distance from the light source, the smaller the light quantity This is not preferable in 
35 a case wherein the edge light type backlight is employed as an illumination device for display elements of a large image 
area. Accordingly, a means is provided which makes uniform an in-plane intensity distribution of light emitted from a 
flat light guide. In other words, the further the emitting light is disposed from a light source, the better a light emitting 
efficiency of light emitted from the flat light guide. 

[0091] The uniform light forming means may be provided on both surfaces of the flat light guide, or on one side 
-to thereof The design of the uniform light forming means for making uniform the emitted light, is considerably dependent 
on whether the light source is disposed only on one side of the flat light guide or on both sides 
[0092] A light diffusing means can be employed as one of the uniform light forming means When the light source is 
disposed on one side of the flat light guide, it is preferable that the light diffusing effect is small on the side of the light 
source, and the further from the light source, the more improved is the light diffusing effect. However, a light reflecting 
^5 means is normally provided on a side face of the light guide opposite to the light source, it is preferable that the diffusing 
effect is a little improved on the side of the light source, in the vicinity of the side face of the light guide opposite to the 
light source. When light sources are disposed on the both sides of the flat light guide, it is preferable that the diffusing 
effect at the central portion is large 

[0093] It is simple and effective for controlling the diffusing effect to perform a mesh printing of a white ink on the 
50 hght guide and control the size or the density of the mesh. However, the use of the light diffusing material has a possibility 

nf rjp'orior^f mn 'ho dimctiv^v o* I'nh! omitted f r om mo uniform hnht formma means and mnv reduce an incident light 
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lenticular shape is f ormed on the surface of the flat light guide When the light source is d soosed only on one side of 
the flat light guide it is preferable that the light emitting efficiency on the side of the light source is low and the further 
the emitted hqht is disposed from the light source the more imorovod the light emitting efficiency Further in case 



11 



EP 0 597 261 B1 



wherein a reflecting means is disposed on a side face of the light guide opposing the light source, it is preferable that 
the light emitting efficiency is more improved on the side of the light source, in the vicinity of the side face of the light 
guide opposing the light source. In case wherein the light sources are provided on the both sides of the flat light guide, 
it is preferable that the light emitting efficiency is large at the central portion 
5 [0095] There are means for controlling the light emitting efficiency of the lenticular lens which are schematically 
shown in Figures 8(a) through 8(d). In these Figures a numeral 61 designates a light source, 62, a reflecting plate, and 
63, a flat light guide 

[0096] Figure 8(a) shows an example wherein the distribution of arcs is changed Figure 8(b) shows an example 
wherein the heights h of arcs are changed Figure 8(c) shows an example wherein the heights and the widths of arcs 
io are changed. Figure 8(d) shows an example wherein aspect ratios of portions of ellipses are changed. Naturally, these 
curves can be employed in combinations. 

[0097] Further, as a uniform light forming means, a means can be employed wherein a prism shape is formed on 
the surface of the flat light guide. In case wherein the light source is disposed only on one side of the flat light guide, 
it is preferable that the light emitting efficiency is low on the side of the light source, and the further the emitted light is 

15 disposed from the light source ; the more improved is the light emitting efficiency. In case wherein a reflecting means 
is provided on the side face of the light guide opposing the light source, it is preferable that the light emitting efficiency 
is more improved on the side of the light source, in the vicinity of the side face of the light guide opposing the light 
source. In case wherein the light sources are provided on the both sides of the flat light guide, it is preferable that the 
light emitting efficiency is large at the central portion 

20 [0098] There are means for controlling the light emitting efficiency of a prism array, which are extremely schematically 
shown in Figures 9(a) and 9(b) In these Figures, a numeral 61 designates the light source, 62, the reflecting plate, 
and 63, a flat light guide. 

[0099] Figure 9(a) shows an example wherein the distribution of prisms is changed Figure 9(b) shows an example 
wherein the heights of prisms are changed. Naturally these can be employed in combinations. Further prisms and 
2S lenticular lenses may be employed. 

[0100] The pitch of a prism or lenticular lens is preferably selected from a range of 0.1 through 1 mm, since it is 
conspicuous when it is large and it is hard to manufacture when it is fine. 

[0101] Although such a uniform light forming means may be provided separately from the light guide, it is generally 
preferable to integrate it with the light guide, in view of reducing the number of parts. 

30 

EXAMPLES 1 TO 3 



[0102] An explanation will be given of Examples of this invention in reference to Figure 1 

[0103] In an edge light type backlight wherein a fluorescent lamp 1 (cold cathode fluorescence lamp) attached to 
05 one side of a transparent acrylic resin flat light guide 3 which is an illumination plane, light is introduced into the light 
guide by providing a lamp cover 2 composed of a light reflecting body and a polarized light separator 6 composed of 
a multi-layered structure is integrated 

[0104] As the fluorescent lamp 1 , a cold cathode fluorescence lamp of 10W or 16W having a length corresponding 
to a side face length (152 mm) of a 10 inch liquid crystal display plane and a small tube diameter are used. Further, 

4 o as the lamp cover 2 a reflecting mirror having a cylindrical shape or an elliptic column shape surrounding the cold 
cathode fluorescence lamp is employed and as the light guide 3. a light-transmitting light guiding plate (n=1 49) made 
of an acrylic resin and having a size of 160 mm X 220 mm x 5 mm is employed. Further, a retardation plate 4 is 
provided on the backface of the light guide 3 and a side face of the light guide opposing the face wherein the fluorescent 
lamp is disposed, and a reflecting plane composed of an aluminum metal reflecting film is formed thereon. 

15 [0105] As a multi-layered structure of a polarized light separator 6, a structure is adopted wherein approximately five 
layers of flat air bubble layers having a height in the thickness direction of about 10 (j.m and a radius of about several 
mm, are dispersed in a homogeneous transparent plastic plate (n~t .5), in a lamellar form, and the structure is attached 
on the side of the light emitting plane of the light guide 3 

[0106] Further, as a prism array 7, a prism array each prism having a sectional shape of an isosceless triangle having 
50 the apex angle of 58 3 , is employed, and is disposed such that the apex faces the polarized light separator 6. The 
thickness of the pnsm array plate is 2 mm and the pitch of the prism arrav is about 1 mm Further, a light diffusing plate 
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When tne required contrast r atio is approximately "0 " t"ere s a case wherein the r-bove polarizing sheet is not 
employed and only the above-mentioned multi-layered structure is employed However in th;s case since the iigni 
distinguishing ratio of a polarized light is low (about 10 1 about 1 000 1 in case of the light absorbing type organic 
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70 



polarizing plate), it is necessary to provide the incident-side polarizing sheet, in a TFT driving liquid crystal cell television 
set wherein a contrast ratio of not smaller than 100:1 is required With respect to the optical axis of polarization of the 
light absorbing type organic polarizing sheet, the optical axis of polarization of light emitted from the polarized light 
separator 6 and the optical axis of polarization of the polarizing sheet 9 agree with each other such that the p polarized 
light emitted from the multi-layer structure is provided with the maximum transmittance. 

[0109] A light-emitting side polarizing sheet 1 0 similarly employs a light-absorbing type organic polarizing sheet The 
direction of the optical axis of polarization is suitably selected in accordance with the display mode (normally white, 
normally black). However, in this Example, as the normally white display the optical axis of polarization of the light- 
emitting side polarizing sheet 10 is provided in the direction wherein the optical axis of polarization is rotated by 90° 
with respect to the optical axis of polarization of the light-incident polarizing sheet 9 

[0110] Examples 1 through 3 were carried out by adjusting the power consumption of the lamp and the brightness 
of a viewing field in the perpendicular direction, by variously changing the properties of the light source and the light 
guide. Table 1 shows these Examples and a Conventional Example 
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Table 1 





Power consumption of 
lamp (W) 


Brightness of 
perpendicular viewing 

fiolH (rc\im2\ 


Range of viewing angle at 1/2 maximum 
brightness 


Horizontal 


Vertical 


Conventional 


16 


100 


±50° 


±40° 


Example 1 


16 


150 


+50° 


±40° 


. Example 2 


10 


100 

* 


±50° 


±40° 


Example 3 


16 


100 


±60° 


±40° 



20 



25 



30 



35 



[0111] In Example 1 , the brightness was improved by 1.5 times as much as that of the conventional Example, and 
the viewing angle range was not narrowed In Example 2, both the brightness and the viewing angle were approximately 
the same as in the conventional Example, however, the power consumption of lamp was reduced to 2/3 of that in the 
conventional case, and the time for driving a battery was prolonged. In Example 3, the power consumption of lamp 
and the brightness of the perpendicular viewing field were the same as those in the Conventional Example, but the 
viewing angle was widened 

[0112] In this way, various light direction distribution can be provided in accordance with the contrast ratio of an 
employed liquid crystal display element. Especially, it is possible to selectively enhance the brightness of the perpen- 
dicular viewing field 
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[0113] An explanation will be given of other examples of this invention in reference to Figure 2 
[0114] An edge light type backlight is employed wherein a fluorescent lamp 1 (CCFL) is attached to a side of a 
transparent acrylic resin plate light guide 3 which is an illumination plane, and light is introduced to the light guide by 
providing a lamp cover 2 which is composed of a light reflecting body. 

[0115] As the fluorescent lamp 1 ,CCFL of 2W and 4W are employed which are provided with a length corresponding 
to a side face length (120 mm) of a general notebook type personal computer Further as a lamp cover 2. a reflecting 
mirror having a cylindrical shape or an elliptic column shape surrounding the cold cathode discharge tube, is employed, 
and as the light guide 3, a transparent light guiding plate (n=1.49) is employed which is made of an acrylic resin and 
is provided with a size of 128 mm X 225 mm x 2.6 mm 

[0116] Further, a retardation plate 4 is provided on the backface of the light guide 3 and a side face of the light guide 
opposing the fluorescent lamp, on which a reflecting face composed of an aluminum metal reflecting film is formed 
The retardation plate is a 1/4 wavelength plate 

[0117] As a prism array 13. a prism array each prism having a sectional shape of an isosceless triangle having the 



guide 3 

[0118] As a poian/ed light separator 5 one layer of a titanium oxide :TiO z . n 2 35) fHm 6a is forrr-od on !hn surfaco 
of a homogeneous glass substrate (n 1 52) 6b by the film thickness of approximately 6^0A and is provided on the 
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light-emitting plane side of the light guide 3 The light separating angle of the polarized light separator is approximately 
72° 

[0119] Further as a prism array 7, a prism array each prism having the sectional shape of an isosceless triangle 
having the apex angle of 60°, is employed, and is disposed such that the apex faces the polarized light separator 6. 
5 The thickness of the prism array is 2 mm and the pitch of the prism array is approximately 1 mm. Further a light diffusing 
plate 8 is employed on the light-emitting face side of the prism array 7 to widen the viewing angle. 
[0120] As a liquid crystal display element 12, an STN liquid crystal display cell of a monochromatic display wherein 
films having the birefringence are laminated, is employed The twist angle is 240° 

[0121] As a light-incident side polarizing sheet 9, a normal light absorbing type organic polarizing sheet is employed. 
10 With respect to the optical axis of polarization of the light-absorbing type organic polarizing sheet, the optical axis of 
polarization of light emitted from the polarized light separator 6 and the optical axis of polarization of the polarizing 
sheet 9 agree with each other, such that the p polarized light emitted from the polarized light separator is provided with 
the maximum transmittance. 

[0122] A light-emitting side polarizing sheet 10 similarly employs the light absorbing type organic polarizing sheet. 

15 Although the direction of the optical axis of polarization is pertinently selected, in this Example, the optical axis of 
polarization of the light-emitting side polarizing sheet 10 is in the direction wherein the optical axis of polarization is 
rotated by 85° with respect to the optical axis of the polarization of the light-incident side polarizing sheet 9. 
[0123] Examples 4 to fi warp carried out by adjusting the power consumption of the lamp and the brightness of the 
perpendicular viewing field, by variously changing the properties of the light source and the light guide Table 2 shows 

20 a comparison between the Examples and a Conventional Example having no polarized light separator. 



Table 2 







Power consumption of 


Brightness of 


Range of viewing angle at 1/2 maximum 


25 




lamp (W) 


perpendicular viewing 


brightness 






field (cd/m 2 ) 














Horizontal 


Vertical 




Conventional 


2 


60 


±50° 


±20° 


30 


Example 4 


2 


90 


±50° 


±20° 


Example 5 


13 


60 


±50° 


±20° 




Example 6 


2 


60 


±60° 


±30° 



[0124] In Example 4, the brightness was improved by 1.5 times as large as that in the Conventional Example and 
the viewing angle range was not narrowed down. In Example 5, both of brightness and the viewing angle were approx- 
imately the same as in the Conventional Example, but the power consumption of the lamp was reduced by 2/3 of that 
in the conventional Example, and the time for driving a battery was prolonged. In Example 6. both the power consump- 
tion of the lamp and the perpendicular brightness were the same as those in the conventional Example, but the viewing 
angle was widened. 

[0125] In this way. various light direction distributions can be provided in accordance with the contrast ratio curve of 
the employed liquid crystal display element Especially, it is possible to selectively enhance the brightness of the per- 
pendicular viewing field 

EXAMPLE 7 

[0126] An explanation will be given of an Example in reference to Figure 3. The shape of the surface of a light guide 
3 is in a prism array shape. Three layers of thin films of Zr0 2 and Si0 2 are alternately and uniformly formed on the 
surface. Specifically, the three layers are formed on the light guide in the order of Zr0 2 , Si0 2 and Zr0 2 , and the degree 
of polarization at Brewster's angle is maximized in the vicinity of the wavelength of 530 nm. The light guide and the 
dielectric interference film are integrated The apex angle of the prism array of the light guide 3 is 160° Since the 
direction of light emitted from the dielectric body interference film is provided with a distribution with respect to the 



tXnmciG 4 oy the ntc-gra- fo'mrg Further there is a merit where n re cost is recused in the mnss procuJl-c" 
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EXAMPLE 8 

[0127] As a polarized light separator, a laminated product having the same shape as in Figure 2 is employed, which 
is provided with 400 layers of acrylic resin and polycarbonate Compared with a case wherein a polarized light separator 
5 is not employed, the brightness in the perpendicular direction is enhanced about 1 5 times as much as that in the case. 

EXAMPLE 9 

[0128] An explanation will be given of another Example of this invention in reference to Figures 6 and 7 
io [0129] An edge light type backlight is employed wherein a fluorescent lamp 31 (CCFL) is attached to a side of a 
transparent acrylic resin plate light guide 34 which is an illumination plane, and light is introduced into the light guide 
by providing a lamp cover 32 including a reflecting body 33 

[01 30] As the fluorescent lamp 31 , a CCFL having a length corresponding to a side face length (1 25 mm) of a general 
notebook type personal computer and a tube diameter of 3 mm Further as the lamp cover 32, a reflecting mirror 
15 having a cylindrical shape or an elliptical column shape surrounding the CCFL, is employed, and as the light guide 34, 
a light-transmitting light guiding plate (n=1.49) is employed which is made of an acrylic resin and is provided with a 
size of 128 mm x 225 mm x 2.8 mm. 

[0131] Further, a .V4 phase interference nlatp 35 is provided on the backface of the light guide 34 and a side face 
of the light guide opposing the fluorescent lamp, on which a reflecting plane 36 made of an aluminum metal reflecting 
20 film is formed 

[01 32] A lenticular lens array 37 is employed and is d isposed such that the protruded portions thereof face a polarized 
light separator 38 The thickness of the lenticular lens array is 2 mm and the pitch thereof is approximately 30 um The 
lenticular lens array 37 and the light guide 34 employ an acrylic resin of the same material. Further, an optical adhesive 
agent having the refractive jndex of 1 49 which is the same with that of the acrylic resin, is employed between the 

25 lenticular lens array 37 and the light guide 34. 

[0133] As the polarized light separator 38, one layer of titanium oxide (Ti0 2 :n=2.35) is formed on the surface of a 
homogeneous glass substrate (n=1 .52) by the film thickness of approximately 640A, and is provided on the light emitting 
plane side of the light guide 33. The separating angle of the polarized light separator is 72°. That is, approximately 
100% of the p polarized light component having the angle of incidence of 72° transmits through the polarized light 

30 separator, and there is almost no reflection, but only approximately 15% of the s polarized light component transmits 
therethrough and 85% thereof is reflected. 

[0134] The polarized light emitted from the polarized light separator, is polarized in the perpendicular direction with 
respect to the linear light source. 

[0135] Further, as a prism array 39, a prism array each prism having a sectional shape of an isosceless triangle 
35 having the apex angle of 65°, is employed, and is disposed such that the apex faces the polarized light separator 38. 
The thickness of the prism array plate is 2 mm and the pitch thereof is approximately 30 um In this way, the light 
quantity of a light ray of which transmitting direction is approximately perpendicular to the light guiding plate can be 
enhanced. 

[0136] Further, a >J2 retardation plate 40 is provided on the external side of the prism array 39. The fast axis of the 
J 0 }J2 retardation plate is inclined by B-45° with respect to the direction perpendicular to the light source as in Figure 7. 
The material employs a PC (polycarbonate) which is provided with the birefringence of )J2 when measured by the 
wavelength of 550 nm. In Figure 7, a numeral 51 designates a fluorescent lamp. 52. a light guide. 53. the direction of 
fast axis. 54. an optical axis of polarization for a light-incidence side polarizing sheet 55. an optical axis of polarization 
for a light-emitting side polarizing sheet. 56. a rubbing direction on the light-incident side and 57. a rubbing direction 
^5 on the light-emitting side 

[0137] A TFT liquid crystal display cell of color display is employed for a liquid crystal panel 41. A normal light ab- 
sorbing type organic polarized sheet is employed for a light-incident side polarizing sheet 42 The optical axis of po- 
larization is 6=90° A normal light-absorbing type organic polarizing sheet is also employed for a light-emitting side 
polarizing sheet 43 The optical axis of polarization is 0-0° The rubbing direction on the light-incident side is 0-90°. 
50 and the rubbing direction on the light-emitting side is B=0 3 . 

[01 38] ^m^n i qM nnni^nd fro^ the polan/od 'iqht ^opHr^or is provided with much linearly Dol^n/ed liaht havina 
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EXAMPLE 10 

[0139] Further, one layer of titania is formed on the retardation plate PC, in place of the polarized light separator and 
the >J2 phase difference plate in Example 9, which is provided with the both functions, and which is disposed between 
5 the lenticular lens and the prism array, with the side of the interference film on the side of the light source. The retardation 
plate of PC is provided with the birefringence of A/2, when measured by a wavelength of 550 nm with respect to the 
incident light having the angle of incidence of approximately 60°. A result approximately similar to those in the above 
Examples were provided thereby 

[0140] According to the present invention, an illumination device for a direct viewing type display element having 
70 especially high substantial brightness with respect to a specified region having a high contrast ratio, can be provided. 
Especially, in this invention, the brightness is promoted with respect to a desired viewing direction, by converting light 
which does not substantially contributes to the illumination light of the display device, among lights of a desired viewing 
direction, into a polarized light, which is different from a case wherein a single prism array and the like is employed. 
Accordingly, an illumination device having a high brightness in a specific direction, is provided while maintaining a wide 
15 illuminance distribution This is most pertinent to an illumination device for a direct viewing type display element having 
a wide viewing angle. 

[0141] Further, a defused light which is pertinent as an illumination light for a direct viewing type display element can 
easily be provided by emplnyinn a sn-nalled edae liaht tvoe liaht source as a liqht emittinq means. Further, when 
especially a polarized light converting means is constructed by cooperating a polarized light separating plane provided 

20 on the light-emitting phase side of a light guide for an edge light with a light reflecting plane provided on a side of a 
flat light guide opposite to the light-emitting face, the light guide for an edge light can be employed as a space for 
separating a polarized light. Accordingly, this is more preferable since a very compact construction can be provided. 
[0142] Further, a direct viewing liquid crystal display device having a high illuminance in a practical viewing angle 
and a smairpower consumption can be provided, by disposing the illumination device of this invention on the backface 

25 of the liquid crystal display element, such that the direction of an optical axis of a light ray emitted from the illumination 
device approximately agrees with the direction of an optical axis of polarization sheet on the light-incident side of the 
liquid crystal display element. 



30 Claims 

1 . An illumination device for a direct viewing type display element comprising: 

a light guide (3,34) having two opposite sides and edge portions; 
35 a light source (1,2: 32.33) disposed such that light is incident on an edge portion of said light guide (3,34) one 

of the sides of the light guide (3,34) being arranged for emitting the light from said light source; and 
a light reflecting means (5,36) disposed on the side of the light guide opposite to said light emitting side for 
reflecting the light from said light source: 

4 o characterized by a polarized light separator (6. 6c, 38) being disposed on the light emitting side of the light guide 

(3.34) for transmitting a first polarized light component and reflecting at least a portion of a second polarized light 
component of the light from said light source perpendicular to said first polarized light component. 

2. The device according to claim 1. characterized in that the polarized light separator is a multi-layered structure 
45 (6, 6c, 38) with at least two layers of light transmitting media having different refractive indices 

3. The device according to claim 2, wherein the multi-layer structure is a planar multilayer film 

4. The device according to claim 3. wherein the multilayer film is a polymer film 

50 

5 Th n :inyirn Hr^nrrj'nn, fn Hnim d w h nro'n 'ho HifWnrrn in rof r a~t'V^ indi^OS between the liqht transmit! in Q media 



wnich is equal to or smaller tnan a wavelength of visible light 
7 The device according to claims 6 wherein the refractive index of the dielectric thm film (6b) laminated on said 
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transparent supporter (6a) is in a range of from 1 4 to 2.5 

8. The device according to any one of Claims 7 through 5 wherein a )JA phase interference plate (4,35) is provided 
on the back face of the light guide (3,34) and an side face of the light guide (3.34) opposing the light source (1,2; 
31,32,33) 

9. The device according to any one of Claims 1 through 8, wherein a prism array shape is formed on a surface of the 
light emitting side of the light guide (3,34) 

10. The device according to claim 9, wherein the prism shape is a lenticular lens array. 

11. The device according to any one of claims 1 through 10 further comprising a light deflector (7,39) 

1 2. The device according to claim 1 1 , wherein a micro lens array or prism array having a lenticular shape or Fresnel 
shape is employed as the light deflector. 

1 3. The device of claims 2 to 1 2, wherein said polarized light separator comprises an air layer and a transparent resin 

la\/or 
— j — 

14. The device according to any one of claims 1 to 1 3, wherein the direction of light distribution of light for said display 
element is substantially perpendicular to said display element. 

1 5. The device according to any one of claims 5 to 1 4, wherein said polarized light seperator comprises polymer multi- 
layers having a thickness not less than 0.05u.m and not more than 0 45jam. 

16. The device according to any of claims 1 to 15 wherein a phase interference material is provided between said light 
reflecting means and said polarized light separator. 

17. The device according to claim 16 wherein said phase interference material is a >74 phase interference plate. 

18. A liquid crystal display device, wherein the illumination device according to any one of Claims 1 through 17 is 
disposed on a rear side of a direct viewing type liquid crystal display element (11 ) such that a principle polarization 
direction of emitted light from the illumination device substantially agrees with a direction of an optical axis of 
polarization of a polarizing sheet on a light-incident side of a liquid crystal display element (11) 

1 9. The liquid crystal display device according to claim 1 8, further comprising a means for rotating polarization direction 
disposed between the illumination device and the liquid crystal display element (11) for rotating the principle di- 
rection of emitted light. 

20. The display device according to one of claims 18 or 19 wherein said liquid crystal display element comprises an 
RGB color TFT driving liquid crystal display cell 

21. Use of an illumination device according to one of claims 1 to 1 7 in a direct viewing type liquid crystal display device 

22. Use according to claim 21 , wherein the liquid crystal display device employs a color display element 

23. Use of a liquid crystal display device according to any one of claims 18 to 20 in a liquid crystal television set or a 
computer 

Patentanspruche 
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emer Lichtreflexionseinrichtung (5, 36), die auf derjenigen Seite des Lichtleiters angeordnet ist, die von der 
Lichtaustrittsseite abgewandt ist, um das Licht von der Lichtquelle zu reflektieren; 

gekennzeichnet durch eme Polarisationslicht-Aufteilemnchtung (6. 6c, 38). die auf der Lichtaustrittsseite des 
5 Lichtleiters (3, 34) angeordnet ist, um eine erste polarisierte Lichtkomponente durchzulassen und zummdest emen 

Teil einer zweiten polarisierten Lichtkomponente des Lichts von der Lichtquelle rechtwmklig zur ersten polansierten 
Lichtkomponente zu reflektieren. 

2. Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet, dass die Polarisationslicht-Aufteilemrichtung eine mehr- 
10 schichtige Struktur (6, 6c, 38) mit mindestens zwei Schichten lichtdurchlassiger Medien mit verschiedenen Bre- 

chungsindizes ist. 

3. Vorrichtung nach Anspruch 2, bei der die mehrschichtige Struktur em ebener Mehrschichtfilm ist. 

15 4. Vorrichtung nach Anspruch 3 : bei der der Mehrschichtfilm ein Polymerfilm ist. 

5. Vorrichtung nach Anspruch 4, bei dem die Brechungsmdexdifferenz zwischen den Lichttransmissionsmedien des 
Mehrschichtfilms nicht weni n er aJs n f)3 hptrant 

20 6. Vorrichtung nach emem der Anspruche 1 bis 5, bei der die Polansationslicht-Aufteileinrichtung einen transparenten 
Trager (6a) und mindestens einen dielektrtschen Dunnfilm (6b) aufweist, der mit einer Dicke, die der Weltenlange 
sichtbaren Lichts entspricht oder kleiner als diese ist, auf den transparenten Trager (6a) auflaminiert ist. 

7. Vorrichtung nach Anspruch 6, bei der der Brechungsindex des auf den transparenten Trager (6a) auflaminierten 
25 dielektrischen Dunnfilms (6b) im Bereich von 1 A bis 2,5 liegt. 

8. Vorrichtung nach einem der Anspruche 5 bis 7, bei dem an der Ruckseite des Lichtleiters (3, 34) und einer Sei- 
tenflache desselben. die von der Lichtquelle (1 , 2; 31 , 32 33) abgewandt ist. eine >y4-Phasemnterferenzplatte (4, 
35) vorhanden ist. 

30 

9. Vorrichtung nach einem der Anspruche 1 bis 8, bei der eine Prismenanordnungsform auf einer Flache der Licht- 
austrittsseite des Lichtleiters (3, 34) ausgebildet ist 

10. Vorrichtung nach Anspruch 9, bei der die Prismenform eine Rasterlinsenanordnung ist. 

11. Vorrichtung nach einem der Anspruche 1 bis 10. ferner mit einer Lichtablenkeinrichtung (7, 39). 

12. Vorrichtung nach Anspruch 11, bei der als Lichtablenkeinrichtung eine Mikroltnsenanordnung oder eine Prismen- 
anordnung mit Rasterlinsenform oder Fresnelform verwendet ist. 

13. Vorrichtung nach den Anspruchen 2 bis 1 2, bei der die Polansationslicht-Wandlereinnchtung aus einer Luftschicht 
und einer transparenten Harzschicht besteht. 

14. Vorrichtung nach einem der Anspruche 1 bis 13. bei der die Richtung der Lichtverteilung des Lichts fur das An- 
45 zeigeelement im Wesentlichen rechtwmklig zum Anzeigeelement zeigt 

15. Vorrichtung nach einem der Anspruche 5 bis 14, bei der die Polansationslicht-Aufteileinrichtung aus mehreren 
Polymerschichten mit einer Dicke nicht unter 0 05 u.m und nicht uber 0,45 u.m besteht. 

50 16. Vorrichtung nach einem der Anspruche 1 bis 15. bei der zwischen der Lichtreflexionseinrichtung und dor Polan- 

I A'lf'oi'ni^n^htnnn ni" Ph^pninfprfnrnn/nn;-)tP r| ;Hl VO r hH n do n ist 



35 



40 



nor Ruckseite eincs Flussigkristall-Anze geelemcnts ( 1 1 ) fur DircKtbetrachtung sc angeo'dnet ist dass e noGrunc- 
polarisationsrichtung des abgestrahttcn Lichts von der Bcleuchtungsvorrichtung im Wesentlichen mit aer Hicntung 
^mer ootisc^en Polnnsationsachso einer Polansationslaqe auf der Lichteintnttsseite des Flussiqknstall-Anzeiqo- 
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elements (11) ubereinstimmt 

19. Flussigkristali-Anzeigevorrichtung nach Anspruch 18, ferner mit ciner Einnchtung zum Drehen der Polarisations- 
nchtung, die zwischen der Beleuchtungsvorrichtung und dem Flussigkristall-Anzeigeelement (11) angeordnet ist, 

5 urn die Grundnchtung des abgestrahlten Lichts zu drehen. 

20. Anzeigevorrichtung nach einem der Anspruche 18 oder 19. bei der das Flussigkristall-Anzeigeelement aus einer 
Flussigkristall-Anzeigezelle mit TFT-Ansteuerung fur RGB-Farbsignaie besteht 

'0 21. Verwendung einer Beleuchtungsvorrichtung nach einem der Anspruche 1 bis 17 bei einer Flussigkristall-Anzeige- 
vornchtung fur Direktbetrachtung. 

22. Verwendung nach Anspruch 21 ; bei derdie Flussigkristall-Anzeigevorrichtung em Farbanzeigeelement verwendet. 

15 23. Verwendung einer Flussigkristall-Anzeigevorrichtung nach einem der Anspruche 18 bis 20 in einem Flussigkri- 
stallfernseher oder einem Computer. 



20 



Revendications 

1. Dispositif d'eclairage pour un element d'affichage du type a observation directe, comprenant 



un guide de lumiere (3,34) ayant deux cotes opposes et des parties de bord: 

une source de lumiere (1 ,2; 32, 33) disposee de telle sorte que la lumiere tombe sur une partie de bord dudit 
^5 guide de lumiere (3, 34) r I'un des cotes du guide de lumiere (3, 34) etant agence pour emettre la lumiere de 

ladite source de lumiere; et 

un moyen photoreflechissant (5. 36) dispose sur le cote du guide de lumiere oppose audit cote photoemetteur 
pour reflechir la lumiere provenant de ladite source de lumiere; 

30 caracterise par un separateur de lumiere polarisee (6, 6c : 38) qui est dispose sur le cote photoemetteur du 

guide de lumiere (3, 34) pour transmettre une premiere composante de lumiere polarisee et reflechir au moins 
une partie d'une seconde composante de lumiere polarisee de la lumiere provenant de ladite source de lumiere 
perpendiculaire a ladite premiere composante de lumiere polarisee. 

35 2. Dispositif selon la revendication 1 , caracterise en ce que le separateur de lumiere polarisee est une structure 
multicouche (6, 6c, 38) ayant au moms deux couches de milieux de transmission de la lumiere ayant des indices 
de refraction differents. 



40 



3. Dispositif selon la revendication 2, dans lequel la structure multicouche est un film multicouche plan 

4. Dispositif selon la revendication 3, dans lequel le film multicouche est un film polymere 

5. Dispositif selon la revendication 4. dans lequel la difference d'indices de refraction entre les milieux de transmission 
de la lumiere du film multicouche n'est pas inferieure a 0.03. 

6. Dispositif selon I'une des revendications 1 a 5, dans lequel le separateur de lumiere polarisee comprend un support 
transparent (6a) et au moins une couche mince dielectrique (6b) appliquee sur ledit support transparent (6a) et 
ayant une epaisseur qui est egale ou inferieure a une longueur d'onde de lumiere visible. 

50 7. Dispositif selon la revendication 6. dans lequel I'mdice de refraction de la couche mince dielectrique (6b) appliquee 



45 
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9. Dispositif scion Tunc quclconquc des revendications 1 a 5. dans lequel un rcscau dc pnsmcs est (ormc sur unc 
-t'^co du cote ohotoomoMour du au de do lumiere (3 34 1 
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10. Dispositif selon la revendication 9, dans lequel le reseau de prismes est un reseau lenticulaire 

11. Dispositif selon Tune quelconque des revendications 1 a 10, comprenant par ailleurs un deflecteur de lumiere (7, 
39) 

5 

12. Dispositif selon la revendication 1 1 , dans lequel on utilise comme deflecteur de lumiere un reseau de microlentilles 
ou un reseau de prismes, ayant une forme lenticulaire ou une forme de Fresnel. 

1 3. Dispositif selon les revendications 2 a 1 2, dans lequel ledit separateur de lumiere polarisee comprend une couche 
io d'air et une couche de resine transparente 

14. Dispositif selon Tune quelconque des revendications 1 a 13, dans lequel la direction de distribution de lumiere 
pour ledit element d'affichage est sensiblement perpendiculaire audit clement d'affichage. 

'5 15. Dispositif selon Tune quelconque des revendications 5 a 14, dans lequel ledit separateur de lumiere polarisee 
comprend des couches polymeres multiples ayant une epaisseur qui n'est pas inferieure a 0,05 jam et qui n'est 
pas superieure a 0,45 jam. 

16. Dispositif selon t'une quelconque des revendications 1 a 15, dans lequel un materiau d'interference de phase est 
20 prevu entre ledit moyen photoreflechissant et ledit separateur de lumiere polarisee. 

1 7. Dispositif selon la revendication 1 6, dans lequel ledit materiau d'interference de phase est une plaque d'interference 
de phase }J4. 

25 18. Dispositif d'affichage a cristaux liquides ; dans lequel le dispositif d'eclairage selon Tune quelconque des revendi- 
cations 1 a 1 7 est dispose sur un cote arriere d'un element d'affichage a cristaux liquides (1 1 ) du type a observation 
directe de telle sorte que la direction de polarisation de base de la lumiere emise par le dispositif d'eclairage 
concorde sensiblement avec la direction d'un axe optique de polarisation d'une feuille de polarisation sur le cote 
de lumiere incidente d'un element d'affichage a cristaux liquides (11). 

30 

19. Dispositif d'affichage a cristaux liquides selon la revendication 18, comprenant par ailleurs un moyen pour faire 
tourner la direction de polarisation, dispose entre le dispositif d'eclairage et I'element d'affichage a cristaux liquides 
(11 ) pour faire tourner la direction de base de la lumiere emise 

35 20. Dispositif d'affichage selon Tune quelconque des revendications 13 et 19, dans lequel ledit element d'affichage a 
cristaux liquides comprend une cellule d'affichage a cristaux liquides a excitation par TFT en couleurs RVB 

21 . Utilisation d'un dispositif d'eclairage selon I'une quelconque des revendications 1 a 1 7 dans un dispositif d'affichage 
a cristaux liquides du type a observation directe 

40 

22. Utilisation selon la revendication 21 dans laquelle le dispositif d'affichage a cristaux liquides utilise un element 
d'affichage en couleurs 

23. Utilisation d'un dispositif d'affichage a cristaux liquides selon I'une quelconque des revendications 18 a 20 dans 
4 $ un appareil de television a cnstal liquide ou un ordmateur 
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FIGURE 
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r^r ; In-plane polarization face 
^ • Polarization face perpendicular to plane 
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FIGURE 3 
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FIGURE 6 




FIGURE 7 
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FIGURE 8(0) 
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FIGURE 8(b) 




FIGURE 8(C) 




FIGURE 8(d) 




FIGURE 9(a) 
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FIGURE 9(b) 
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